INTRODUCTION {#cesec10}
============

Elastic intramedullary nails have been used in recent years as a method of treatment of some fractures in children. Currently, the demands of the modern world lead us to consider the difficulties of non-surgical treatment while keeping children in plaster casts. Parents work, home care is difficult, time away from school, and even issues of patient comfort are considered. Therefore, fractures, which a few years ago were treated with a bloodless approach, are treated surgically. Fractures whose treatment is performed with flexible intramedullary nails are the main indications for intramedullary nails, especially in the femoral shaft and the forearm bones; there is still controversy in the literature regarding their use in the humerus and tibia. The objective of this review is to present the current aspects regarding the use of intramedullary nails for diaphyseal fractures in children.

Consolidation and elastic intramedullary nails {#cesec20}
----------------------------------------------

The elastic intramedullary nails stabilize fractures from a distance, they do not directly address the fracture focus and allow early mobilization, decrease the time of hospitalization and allow for a faster return to school activities. The principle of treatment is relative stability. Consolidation is secondary, since the stabilization allows for small movements in the fracture region, combined with the anatomical features of children who present a thick periosteum and high osteogenic power. The stability obtained allows for painless joint mobility without compromising reduction.

Treatment principles {#cesec30}
--------------------

The flexible intramedullary nails act as tutors when they are pre-tensioned and made with three support points, providing greater stability to fractures[@bib1], [@bib2].

STEEL OR TITANIUM NAILS? {#cesec40}
========================

Flexible intramedullary nails are available in both steel and titanium alloys. The choice involves the surgeon\'s preference and the availability of material, as well as the physical characteristics of the alloy. Comparative clinical studies show parity between them, with similar results[@bib3]. In Brazil, Soni *et al*.[@bib4] presented a two-dimensional computer model, simulating a fracture of the femur in children treated with flexible steel and titanium nails, comparatively assessing the stress distribution. They concluded that the biomechanical behavior was qualitatively better in the model with titanium nails. In the quantitative analysis restricted to regions of the fracture focus, the values were statistically similar. In the study of deformation, they observed more homogeneous biomechanical behavior in the model with titanium nails.

Several authors have reported similarities between the flexible steel and titanium nails, both in in vitro experiments and in clinical outcomes[@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13]. Steel has a lower modulus of elasticity, while titanium has elastic characteristics that are closer to bone, with better quality of pre-tensioning. Therefore, where greater strength is required, such as fractures in children at the end of growth, fractures where the medullary canal is narrower, extensive soft tissue injury, or in obese children, elastic steel nails have a better indication. In patients with fractures where pre-tensioning and elasticity of the implant are needed most, such as those of the distal femur, intramedullary titanium nails can be indicated.

In Brazil, Saad[@bib14] showed clinical outcomes comparable to those found in the literature using flexible steel nails in the treatment of femoral shaft fractures in children.

Indications for elastic nails {#cesec50}
-----------------------------

Currently, elastic nails are used in fractures in children over five years of age, mainly in the femoral shaft[@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20], [@bib21], [@bib22] and the shaft of the forearm bones[@bib23], [@bib24], [@bib25], [@bib26].

Preoperative planning {#cesec60}
---------------------

Anteroposterior and profile radiographs are very important to the analysis of fractures. In general, when using two flexible intramedullary nails, it is estimated that each nail should have a maximum caliber of 40% of the diameter of the narrowest portion of the fractured medullary canal[@bib27]. In practice, the diameter of the nails is calculated to be about a third of the smaller diameter of the medullary canal, in general, the isthmus region in both incidences. These details are important, especially in femoral shaft fractures, because the nails need to curve within the medullary canal. When two nails are used, they should have the same caliber[@bib27], with the sum of the diameter about 1 to 2 mm smaller than the diameter of the isthmus. The length of the nails is measured by the distance between the growth plates in the proximal and distal ends. The curvature of the nails, the maximum of the curve, about 40°, must match the level of the fracture in its convex portion.

We prefer the common radiolucent operating table, because it allows for reduction maneuvers to be performed more freely, for verifying the mobility of the hip, and for more easily controlling any rotational deviations.

Surgical technique for femoral fractures {#cesec70}
----------------------------------------

([Figure 1](#fig1){ref-type="fig"}) The patient is positioned on a common radiolucent operating table. The fracture is reduced by gentle manipulation, if possible, with radioscopic control. The diameter of the nails is selected based on preoperative planning, and is confirmed in the affected limb before its insertion.

The essential requirement is the exact pre-tensioning of the nails, so that the apex of the curve of the nail is at the fracture site. The second nail with the same diameter is prepared to create a diametrically opposed curve at the fracture site. The diameter of the nail should be similar for steel and titanium nails and about a third of the inner diameter of the isthmus of the medullary canal. There are authors who use steel nails with a diameter 1 mm smaller than the titanium. In our experience this was not observed[@bib14].

The distance between the proximal and distal growth plates is measured, considering a 1-2 cm margin of safety between the implant, the physis and the pre-tensioning. We attempted to leave the maximum curvature at the level of the fracture to create a tension that would be the second fulcrum of the nail. In general, the local insertion will be in the bone metaphysis. Radioscopic control is performed during the insertion of the nails. The nail selected is introduced gently in the metaphysis with the tip angled away from the cortex.

Transverse diaphyseal fractures and short oblique shaft fractures in long bones are those with the best indication for the method, but the indications have been expanded considerably with time and experience of the surgeon.

The treatment of femoral shaft fractures in children varies with age[@bib1], [@bib28]. However, in children over five years of age, several authors have recommended surgical treatment with flexible intramedullary nails, considering its superiority compared to treatment with plaster casts in regards to healing time, return to school activities, and complications[@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20], [@bib21], [@bib22].

The upper age limit is more difficult to determine. Recent studies have shown increased angulation at the fracture site after the use of elastic intramedullary nails, especially in older and heavier children[@bib11]. However, there is no ideal alternative. The risk of avascular necrosis of the femoral head from the insertion of a rigid intramedullary nail in adolescents has been well described[@bib28]. In most cases, it is possible to allow early mobilization for partial weight-bearing support with or without complementary immobilization, depending on the weight, size of the child, and the reduction achieved[@bib29].

The results from the age of five to 14 years are clinically satisfactory[@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13]. The hospital stay is shorter, with consolidation occurring in about eight to 10 weeks[@bib14]. Nonunion or delayed union are uncommon and when they occur, it seems to be related to the inappropriate use of surgical techniques. Complications are limited to the skin or discomfort at the site of nail insertion[@bib1], [@bib2], [@bib3], [@bib4], [@bib5]. Changes in bone length due to growth disturbances appear to be minimal, with an average of overgrowth of the femur of about 1.2 mm[@bib12]. Classically, removal of the implants is recommended in four to six months, depending on the clinical and radiographic evolution. However, some authors question the need for removal in the absence of symptoms[@bib6], [@bib7].

Fractures of the distal femur {#cesec80}
-----------------------------

The stabilization of fractures with flexible intramedullary nails can be performed antegrade, using the lateral region of the femur 2 cm below the small trochanter as the entry point. It is believed that in very distal fractures, antegrade nails would be better indicated[@bib27].

Postoperative period {#cesec90}
--------------------

Mobilization and early mobilization with partial weight-bearing are recommended by most authors[@bib30], [@bib31], [@bib32], [@bib33], [@bib34], [@bib35], [@bib36], [@bib37], [@bib38], [@bib39], [@bib40], but some recommend full weight-bearing immediately, depending upon the stability obtained[@bib14].

Tibial fractures {#cesec100}
----------------

[Figure 2](#fig2){ref-type="fig"}The enlargement of the proximal end and the triangular cross-section make it difficult to place nails symmetrically and to obtain adequate stabilization. The non-surgical treatment of fractures of the tibia with a plaster cast allows for better comfort, mobility, and locomotion, indicating that non-surgical treatment is the treatment of choice. Indications are restricted to special situations such as extensive soft tissue injury, multiple trauma, nonoperative treatment failures, and surgeon preference.

UPPER LIMBS {#cesec110}
===========

Humerus {#cesec120}
-------

In children, most *Humeral shaft fractures* can be treated conservatively and do not require surgical treatment.

Fractures of the *proximal humerus* involving the physis, as a rule, are Salter-Harris type II injuries and have significant remodeling potential, and we can accept some deviations that will be corrected with bone growth. In unstable fractures or those with pronounced deviation, more stability may be necessary. This can be achieved by using Kirschner wires, inserted through the deltoid, or using flexible nails. Two nails are inserted in the lateral column of the humerus, from distal to proximal. The physis is crossed and the tips of the nails are impacted on the humeral head. The holes are made in the lateral column, one above the other, 1-2 cm apart. Early mobilization can be started once the fracture is stable, since there is no muscle transfixation in the shoulder. In such cases, the removal of the nail is recommended and it is important so the growth of the physis is not hindered.

*Humeral shaft fractures* may require stabilization with flexible nails when conservative treatment fails or in the polytraumatized child patient with long bone fractures[@bib8]. Stabilization is performed with two nails; the entry point depends on the level of the fracture. Fractures of the proximal and middle thirds can be stabilized with two retrograde nails. Fractures of the *distal humerus* can be stabilized with two antegrade nails. Both nails are inserted through a lateral entrance located at the level of insertion of the deltoid muscle. The holes are made in the lateral cortex, one above the other.

As for supracondylar fractures of the humerus, although flexible intramedullary nails can be used, the use of Kirschner wires is already established, which makes the use of flexible nails an alternative with questionable benefits[@bib9].

Diaphyseal fractures of the forearm {#cesec130}
-----------------------------------

The treatment of *forearm fractures* has been performed in recent years with flexible intramedullary nails. A wide variety of intramedullary devices has been used with elastic nails made of titanium and steel[@bib19], [@bib20], [@bib21], [@bib22], [@bib23], [@bib24], [@bib31]. The indication is for irreducible unstable fractures when closed treatment fails or in specific circumstances, such as Monteggia injuries, fractures of the head and neck of the radius.

The intramedullary nails have the advantage of minimal dissection of soft tissue, making it easier and safer to remove[@bib12]. A single nail is used for each bone of the forearm. Generally, nails of 2.0 to 2.5 mm in diameter are used, using the largest diameter, if possible. The insertion is made respecting the proximal radial physis and care should be taken to avoid damage to the superficial radial nerve.

Lascombes *et al*.[@bib13] advocate that the two nails be pre-tensioned; however, we observed that even straight nails are also effective. Another issue to know is if both bones should be stabilized. Clearly, if there is only one broken bone, a nail is necessary; however, if both bones are fractured and both fractures have deviated, two nails are certainly necessary. In the cases where the fractures are of the two bones but only one has deviated, both should be reduced and stabilized[@bib14] ([Figure 3](#fig3){ref-type="fig"}).

Fractures of the neck of the radius can be treated with flexible nails inserted into the distal end. The curved tip of the nail can be used as an aid in reducing the fracture, which is done with gentle manipulation of the fragments and the nail is used in order to reduce under scopy[@bib15], [@bib16]. a The Monteggia fracture-dislocation can be treated with closed manipulation and the use of a plaster cast or plate and screw; however, in the presence of instability, the reduction of the radial head can be difficult. When this occurs, a flexible nail can be used in the ulna in order to restore the length and facilitate the reduction of the radial head.

REMOVAL OF IMPLANTS {#cesec140}
-------------------

The removal of implants in children is an orthopedic procedure that remains controversial. The tendency is to avoid a second surgical procedure, minimizing the risks of surgery and its costs and complications. Simanovsky and Tair[@bib41] re-evaluated 143 children who underwent removal of intramedullary implants of the femur and forearm. Of these, in 16 the material was removed because of protrusion, skin irritation, and discomfort, while most were asymptomatic. Complications were observed, such as failure to remove the implant material in three children and two refractures.

There is no agreement in the literature regarding the removal of implant material. Several authors advocate for its removal[@bib42], [@bib43], [@bib44], [@bib45], while others have questioned this decision claiming that it is only required in symptomatic patients or when the implant may compromise the physis due to its flexibility or because the transfixation of the implant was necessary to stabilize the fracture[@bib46], [@bib47], [@bib48], [@bib49].

It is preferable to remove the implants in children. This is because, as the child grows, it may be difficult to remove them, because the implant can be buried in the medullary cavity of the diaphysis and there is the possibility of refracture, making the procedure even more difficult. Infection of the implant due to late contamination may occur and should be considered. On the other hand, leaving the implants means lower costs by avoiding a new surgical procedure and the fact that most patients are asymptomatic.

DISCUSSION {#cesec150}
----------

The child has a great capacity for bone remodeling and in some cases, conservative treatment results in deformity or shortening at the fracture site. In many respects, the flexible intramedullary nails are indicated. The method is safe, minimally invasive, has few complications, and does not interfere with growth. It is also associated with a short period of hospitalization and fast return to activity of daily living. Flynn and Waters[@bib15] reported good results with flexible intramedullary nails in the treatment of long bone fractures in children; however, they stressed that most fractures can and should continue to be treated with closed reduction and immobilization. Another factor of the surgical method to be considered is performing a new intervention for the removal of the implant. Some authors have questioned the need to remove the implant material in the search for better results, because the major complications occur precisely with the tip of the protruding nails to facilitate removal, and when the choice is made not to remove them, their ends can be made less salient, reducing complaints, and therefore the need for a new surgical procedure. Obviously, such a decision must be thoroughly evaluated because we know the risks of a lost intramedullary synthesis in the event of a new fracture or even in the case of a bone infection.

Given these considerations, we emphasize the need for non-surgical treatment of most fractures in children.

Some questions remain: what is considered the age or weight limit for the use of flexible intramedullary nails? It is necessary to remove the implants and, if so, when?

It is true that flexible intramedullary nails offer advantages in treating some fractures in children. However, flexible intramedullary nails stand out to be the treatment for certain fractures of long bones in children, in particular, femoral shaft and forearm bone fractures.

Knowledge of the method, as well as the handling of its complications, should be part of the arsenal of the orthopedic traumatologist.

![A: Radiographic image of a femoral shaft fracture in a 10-year-old child. B: Radiographic image of the fracture, after employing the flexible nails.](gr1){#fig1}

![Radiographic image of a consolidated tibial shaft fracture treated with flexible intramedullary nails.](gr2){#fig2}

![Radiographic image showing reduction of Galeazzi fracture with flexible intramedullary nail that was inserted into the distal metaphysis of the radius.](gr3){#fig3}
